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ABSTRACT 
USING HANDS-ON MAINIPULATIVES 
TO TEACH PROBLEM SOLVING 
September, 1996 
Cynthia A. Greenwood, B.S. , Fitchburg State College 
M.A., University of Massachusetts Boston 
Directed by Dr. John Murray 
As educators we share a link with the classic story of the "Velveteen 
Rabbit", as we also seek what is real. In education "real" is what holds 
meaning for the students and connects their world to the world of the 
classroom. As teachers we continually ask for the students' active 
participation, involvement and commitment to the learning task, but too 
often we teach only from the textbook. Classroom tasks that do go beyond 
textbook mastery may spark the students' interest, but sometimes appear to 
have no link to the reality of the students' world. Cognitive research reminds 
educators of the importance of making learning connections as a means of 
preventing knowledge from becoming inert. 
This thesis proposes a model that attempts to offer students a 
curriculum that's 'real' for the students. The model emphasizes the critical 
and creative thinking skills used in problem solving, while it draws on the 
strengths of two programs, problem based learning and LEGO Dacta bricks. 
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The problem based learning model stresses the problem finding component of 
the problem solving process, and the LEGO Dacta emphasizes the solution 
finding and solution testing phase. 
Problem based learning begins with offering the students an ill-
structured, researchable problem to solve. The students' goals are to 
determine what information would be needed to define and ultimately 
generate a solution. Since the problem finding phase in problem based 
learning offers many, varied approaches to the problem, the students may 
define the problem in a way that is unique to their point of view. This differs 
from the traditional problem solving approach, in which the students are 
given a well-defined problem. By allowing the students to determine the 
problem to be explored, they are able to assume ownership of the problem. 
LEGO Dacta bricks are one of basic building toys of children. 
Introducing building blocks into the problem solving process combines the 
world of problem solving with the students' world of play. The students are 
more eager participants in the process, as they can formulate a concrete model 
to test and evaluate their solutions. 
The goals of this curriculum are three-fold: 1) to have the students 
become more involved in the learning task; 2) to teach the students the steps 
of the problem solving process and to transfer that knowledge from the 
classroom to their world; 3) to give the students an environment that will 
foster self-directed learning. 
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"All students should define, analyze and solve complex 
problems." (Massachusetts Department of Education, 1995, 8) 
The model proposed in this paper is an outgrowth of having used 
many, various problem solving models with students in the elementary 
classroom. Teaching in a Gifted and Talented Program in Plymouth, 
Massachusetts, I have had the opportunity to work with students in both the 
regular classroom and students who have been identified for a gifted 
program. The primary goal of the curriculum used in Plymouth is the 
teaching of critical and creative thinking skills for all students in grades four, 
five and six. A great deal of my teaching time is directed to teaching the 
process of problem solving. 
Within the wide variety of problem solving models I have used with 
students, I have found that all of the models teach the steps of the problem 
solving process. There is a consistency of approach within the models', most 
depend on the same five steps: define the problem, explore alternative 
approaches, determine criteria for evaluation, select the solution, develop an 
action plan. Various models may differ in the development of these five 
components, but all models appear to maintain some form of these five steps . 
Since all of the various models have a similar foundation for solving a 
problem it is interesting to observe the different reactions' students have to 
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the models. In some cases, the students are eager participants in the 
problem solving process, while with other models I have found that the 
students are reluctant and show little if any excitement for the process. The 
students' degree of participation does not seem dependent on whether the 
lesson is given to the students in the regular classroom or to students in the 
gifted program. 
The question is, why are the students more actively involved in one 
approach than in others, if the content taught is similar? In exploring the 
various approaches, I discovered that the students are more involved in a 
model that allows them to test their solutions. They are eager to 
demonstrate their knowledge by constructing a model, creating a skit or 
designing a picture to illustrate the final solution. In problem solving that 
involves a hands-on solution, the students' questions usually begin with "can 
we ... ?" This question gives the teacher an indication that the students have 
begun to explore the assignment and are ready to make some self-directed 
decisions about the problem. This type of question is in sharp contrast to 
problem solving models that required written solutions. Using these 
approaches, the students reacted more passively to the problem solving 
process. They would wait for the teacher to give directions, which would 
usually begin with "now you will ... ". 
Considering these observations the author began to teach the problem 
solving process that provided the students with hands-on opportunities to 
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what problem they encountered in the situation. The development of the 
problem statement may vary from student to student depending on how each 
views the problem situation. An example of this type of situation might be a 
futuristic look at the exploration of space. The students' problem might be: 'A 
colony is being established on a newly discovered planet, what are the many, 
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test their solutions. By using problems that allowed the students to create 
concrete tests of their solutions, the students became eager participants 
involved with the solution finding phase. I realized that although the 
students were quite involved with the solution testing, they were not as 
involved with the rest of the process. The steps of the problem solving 
process needed constant reinforcement and little of the process was retained 
from one lesson to another. I found that the students would rapidly go 
through the steps of the process to reach the solution testing phase. I began 
to wonder how to keep the involvement of the students, and still help them 
assimilate the steps of the problem solving process? The students needed to 
be as involved in the problem finding as they were in developing the 
problem's solution and in testing it. 
At this point I began to work with a model called problem-based 
learning. It differs from most problem solving models in that it begins with 
an ill-defined problem or a problem that still needs to be refined. The 
students are given a situation that contains a problem. Before being able to 
create a solution to the problem the students must first structure or define 
what problem they encountered in the situation. The development of the 
problem statement may vary from student to student depending on how each 
views the problem situation. An example of this type of situation might be a 
futuristic look at the exploration of space. The students' problem might be: 'A 
colony is being established on a newly discovered planet, what are the many, 
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varied and unusual problems the team of space explorers might face?' Since 
this situation begins as an ill-structured problem, it forces the students to 
engage in problem finding, to define and structure the problem. Problem 
based learning, also, uses problems that might be encountered in the real 
world. For example, many design and invention problems are used. By 
giving the students a real world problem, they are able to develop, research 
and gather information about the problem. The open-endedness of the 
process of problem based learning means that the students have control of 
the entire process from problem finding to problem solution. The role of the 
teacher is primarily to function as a coach or instructional guide through the 
process. 
Problem based learning seems to answer the question of how to get the 
students through the steps of the problem solving process, but it still only 
uses a written rather than a hands-on solution. From my previous 
observations, the students in the elementary grades needed to become more 
involved in the development of the solution. 
I have been working with the material of the LEGO Dacta and LEGO 
TC Logo for a number of years. The material provides the students with a 
hands-on approach to problem solving. The LEGO bricks, gears, batteries, 
motors, etc. offer the students the tools of our modern technology. By linking 
these LEGO building blocks together the students are able to construct and 
test their solutions to a variety of problems. In one class, a group of students 
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designed a new type of pencil sharpener. Although their results successfully 
simulated their solution design in testing the model they found it was not 
able to sharpen a pencil. The results forced the students to reevaluate the 
solution they had designed. 
The LEGO bricks offer the students the material to become the 
architect of their solution. The solution is no longer an unrealistic 
speculation, but a functioning idea that must endure the rigors of realistic 
testing. The students can dream the solution and seek to turn that dream 
into a reality. In some cases, solutions must be modified to fit the criteria of 
the environment they are to function within. The hands-on manipulatives of 
the LEGO Dacta system offers a concrete tool to investigate modern 
technology and the problem solving process. The incorporation of the LEGO 
Dacta system with the problem solving process offers the students the 
opportunity to concretely understand the implications of their solutions. 
In the past, I have used LEGO bricks to allow the students to explore 
and master various math and science skills. The format developed by LEGO 
was well defined. A recommended introduction of a simple machine, for 
example, would give the students the building card with instructions on how 
to build the machine. This procedure was structured to help the students 
understand the concepts of math and science. The type of problems given to 
the students are generally well-defined with usually only one possible 
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answer. The material follows a more traditional approach of teaching to 
achieve the one correct solution. 
The premise of this paper is that the combination of problem-based 
learning and hands-on manipulatives, such as the LEGO Dacta material, will 
answer both the need to have the students understand the steps of the 
problem solving process and the need to get the students actively involved in 
testing their solutions. The students are able to use the LEGO bricks with 
ill-structured problems to create models of their solution, thereby emulating 
closer the behavior of a scientist or engineer. 
The goals of this combined approach are in concert with my 
professional beliefs. I believe that 1) All children's learning is maximized 
when they are actively involved in the learning process. 2) Children's 
learning is enhanced when they are allowed to do work that they have 
devised. 3) It is more important to teach children the process than to 
memorize the content. 4) All children are capable of learning and applying 
higher order thinking skills. 
This paper is divided into two main sections. The first section provides 
the reader background material in how to use the LEGO building material in 
the elementary classroom. In addition, this section, also reviews the research 
on problem-based learning and the functionality of problem-based learning in 
the classroom. 
6 
The second section of the paper outlines my program of combining 
problem-based learning and LEGO bricks into a lesson framework. As the 
material is used in a very open-ended format , the lesson is just a guide, 
rather than a step by step procedure. The proposed program hopes to 
transforms the classroom into a space where students are able to become the 
architects of the lesson and the teacher becomes the instructional coach. A 
flow chart of the problem solving model used in this program is found within 
this section and demonstrates how it can be used in the classroom. This 
program will illustrate a problem solving process, that is not a step by step 
sequence from problem defining to problem solution. The flow chart shows a 
recursive pattern of reevaluating, retesting and redefining within the 
problem solving process. The problem solving process proposed is meant to 
allow the students the opportunity to modify and improve their solution 
design. 
Establishing the appropriate classroom climate and transforming the 
teacher's role are central to the process of problem based learning. In 
chapter III, I recommend techniques for establishing the 'thinking classroom' 
and for the teacher to become a metacognitive coach. This section stresses 
the importance of transferring the responsibility for the learning from the 
teacher to the students. The goal is the development of the students as 




LEGO Dacta and LEGO TC Logo 
The LEGO Dacta material is a construction set using plastic 
interlocking bricks, that joined together build models and demonstrate 
simple principles of physical science. Using this material students are given 
the tactile experience of demonstrating their understanding of basic science 
concepts and principles. The material is presented to the students in kit form 
and each kit includes, gears, motors, various sizes of building bricks, axles 
and both light and touch sensors. (See appendix A) The students can use the 
material to build a variety of simple machines. They can follow the detailed 
building instructions that are included with the kits or they can create their 
own designs and inventions. The LEGO bricks are flexible enough to allow 
the students to build most of the inventions they design. 
LEGO TC Logo is the connecting link to the computer and for most 
elementary students their first encounter with computer programming. The 
students are able to use the LEGO bricks to construct their invention and the 
Logo language to program their invention to move or react to the 
environment. One example is a group of students who decide to built a stop 
light to help direct traffic. The motor regulates the ability to turn the light 
on and off and by using the Logo computer language it is possible to program 
the light to operate with a series of flashes . By connecting the LEGO motor 
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to an interface box the students are able to write programming statements 
and have the computer run their project. 
The use of sensors allows the students to program the computer to 
react to information from the environment and to generate specific output 
based on what they want the machine to accomplish. For example, the 
students built a car and put the touch sensor on the front, if the sensor is 
activated the child can program the car to turn right or left. As in this 
example, some elements of programming can be very similar to some aspects 
of a simple logic course. 
LEGO kits can be shared by one to four students in a classroom. The 
team approach allows the students to share ideas, problems and solutions 
while strengthening the cooperative skills of team building. The students 
enjoy selecting a group name and in an effort to form a real world experience, 
are asked to model their group after a design team for a major company that 
would be facing this problem. 
Enthusiasm is the first building block of the LEGO curriculum. A 
majority of the students bring to the lesson a natural love of construction 
tasks and the youthful energy needed to explore and create. The use of 
LEGO bricks in the classroom captures the students' attention and keeps 
each interested and focused on the task. Students who become frustrated 
easily are able to risk failure and keep working to solve a problem that 
requires them to construct a product. The ability to involve the students with 
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the material is what keeps them creating, and inventing throughout the 
problem solving process. 
I have used LEGO bricks with various students; students who get 
straight A's, students who will tell you they 'hate' science and math, students 
who have learning problems, behavioral problems, motor problems, girls who 
state that 'working with LEGO bricks are just for boys', and teachers whose 
teaching methods are didactic. From these very diverse groups, most 
students want to 'play with LEGO'. No matter what entering behaviors the 
students start with, the vast majority would ask to have the LEGO bricks 
brought back repeatedly to their classroom. Teachers would say that 
teaching mathematical concepts like ratios, averaging, graphing, and 
fractions was faster and easier. The primary reason for this rests with the 
students' need to create and invent. Not only do students learn math, but 
science, social studies, research, and language tasks are also incorporated 
into their activities. An example would be the students who built a simple 
machine to help the children cross the street in the sample introductory 
lesson. The students needed to understand how gears operated in simple 
machines, the math of gear ratios, they needed to research various models of 
their machine, and were expected to keep a written inventor's log, m 
addition to presenting their project in an oral report. 
Combining the LEGO Dacta with the computer and the language of 
Logo will add to the type of task the students can be working on. The 
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computer programming adds the dimension of logic, codes, artificial 
intelligence, and robotics. The experience of working with LEGO bricks 
demonstrates the power of this tool in creating an environment where self-
directed learning can evolve. LEGO TC Logo gives the students the 
opportunity to combine creativity and science. Creative exploration is 
encouraged in art and creative writing, but has often been excluded from 
science and thus the opportunity to develop a bond between children and 
science is hindered. (Papert, 1993) 
The students are able to personalize the LEGO program creating and 
designing their own learning environment. In part the students may not see 
LEGO bricks as the standard curriculum and they may know that paper and 
pencil tests could not be used to measure their performance. LEGO bricks 
are viewed as play toys, but as educators we know that they offer the child a 
tool to learn and grow. 
The Problem Solving Process 
According to Matlin, a problem consists of three components, the goal 
state, the initial state and the rules. The rules are the procedures and the 
restrictions that need to be followed in order to get from the initial state to 
the goal state. (Matlin, 1993) A number of teaching strategies have been 
submitted as heuristics to help the students understand and develop an 
approach to solving a problem. Most strategies contain the following steps, 
finding and defining the problem, exploring alternative approaches, 
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evaluating possible solutions, selecting a possible solution and applying the 
solution to the problem by developing a plan for implementation of the 
solution. (Hoover, 1991) In teaching the problem solving process, the 
heuristics and components, are useful to the problem solver, but what impact 
does this types of problem have on the problem solver? Problems presented 
in the classroom are generally problems where a certain amount of content 
specific knowledge is necessary in order to reach a solution. They are, also, 
usually well defined problems where one right answer is needed in order to 
correctly solve the problem. 
Most teachers agree that knowledge is important in education, but as 
any experienced teacher can confirm, tested knowledge does not guarantee 
that the student will utilize it when it is needed or be able to retrieve it after 
the testing situation. According to Bransford (1987) certain problems can be 
difficult to solve not because of a lack of knowledge, but because of a failure 
to transfer that knowledge . A failure to transfer relevant knowledge from 
one situation to another is a common problem in education. Alfred 
Whitehead in 1929 warned of the dangers of inert knowledge, or knowledge 
that is not accessible to the student, and of the practice of traditional 
education which produces knowledge that remains inert. (Bransford, 1987) 
As teachers we must somehow connect our students with the learning that 
occurs in the classroom. The students must be able to find meaning in what 
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they are learning through the method used or the materials they apply to 
the learning task. 
The students' ability to access and use information appropriately 
demonstrates the difference between having the students memorize facts 
and using the facts as a conceptual tool. Theorists, such as, John Dewey 
argue that students need to understand how new information can be used as 
a tool in order to make it easier for them to solve similar problems and 
transfer the learning to other situations. The reports of problems within the 
area of knowledge transfer come from many educational fields. For example, 
Alan Schoenfeld, a math educator, concluded that math instruction is 
"deceptive and fraudulent". (Schoenfeld, 1982, 27). He reported vast 
differences between what the math teachers thinks their students are 
learning and what in fact they are learning. One example of this is the study 
at the University of Rochester where 85% of the freshman class takes 
calculus. It was reported that students could perform on the test only 
because it was a carbon copy of problems they have seen before. The 
students were only applying a well-rehearsed schema and when given a pre-
calculus version of an elementary word problem only four of out of 30 
students were able to get the right answer. The results of the study showed 
that the students were not learning the higher math concepts, but only 
duplicating the computations of similar problems.(Schoenfeld, 1982, 37) 
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In teaching the problem solving process to students the instruction 
must result in a transfer of the learning; it must transfer to other problems 
and situations. The students' knowledge of the problem solving steps can not 
emulate the above example and remain applicable to just one situation, since 
problem solving is a life skill. 
What is Problem Based Learning? 
Within the past few years, problem solving has become an integral 
part of the thinking skill behaviors that most curriculums list and most 
textbooks claim to teach. Problem based learning offers a fresh approach to 
teaching the problem solving model. The development of problem based 
learning stems from the medical community, as it was developed initially for 
medical students (Aspy, Aspy & Quinby, 1993). The medical community 
wanted to give their students' experiences handling real-world problems that 
a physician might actually face on a daily basis. In real-world situations a 
knowledge base is essential, but a physician, also needs to apply that 
knowledge in order to effectively diagnosis and treat a patient. 
The first work with problem based learning was done in the 1960's and 
1970's at McMaster University in Ontario, Canada (Aspy, Aspy & Quinby, 
1993). At McMaster, problem based learning focused on two main processes: 
1) having the medical students in small tutorial groups; 2) providing 
instruction so students investigated real problems that occurred in the 
treatment of real patients. Students used patient records to determine a 
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medical problem and devise treatment. The questions and concerns 
generated by the students became the content for the course. The main 
teaching method was small group discussions between the students and 
faculty. Research data was gathered from laboratories, libraries, and by 
interviewing medical doctors. The outcome of this program at McMaster's 
was the shift from the lecture hall format and from factual note taking to 
active learning with an emphasis on acquiring meaningful information to 
help solve real-world patients' problems. The instructor became only one of 
the resources available to the students, rather then the main source of 
instructional direction. 
In the 1980's Harvard University's School of Medicine started a 
program called "The New Pathway" (Aspy, Aspy & Quinby, 1993)) This 
program created four societies of forty students each. Each society was 
further divided into small tutorial groups and each group used a problem 
based format. The goal of the program was to help the students become more 
self-directed learners. 
Could the model established by the medical community be adapted to 
elementary education? Work is presently being done to adapt problem based 
learning to the science classroom in both the elementary grades and at the 
high school level. (Gallagher, Sher, Stepien & Workman, 1995). The purpose 
of this paper is to develop a model that combines problem based learning 
with the technology of the computer and the use of hands-on manipulatives. 
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By using the LEGO Dacta system the students have the opportunity to be 
involved in a self directed activity, and to complete their ideas by building 
and programming a working model to test their solution to the problem. 
Using Ill-Structured Problems in Problem Based Learning 
"Well evolved is half solved." (Schwartz, 1971, 347) 
By using the construction capabilities of LEGO Dacta and the Logo 
programming language the students have an opportunity to explore the real-
world and are able to simulate the work of engineers and scientists in the 
mechanical areas. Problem based learning presents the student with ill-
structured problems in the same way that the world presents the adult 
learner with undefined problems. An ill-structured problem gives a realistic 
portrayal of the problem solving process and is the key element in problem 
based learning. An ill-structured problem differs from the well-defined 
problem of most science textbooks in four ways: 
1. The initial situation lacks all of the information necessary to 
develop a solution or even clearly define the nature of the problem 
2. There is not one right way to approach the task and solve the 
problem 
3. The problem solver has the ability to change the problem definition 
as new information is added 
4. The problem is similar to the real-world as you can select a decision 
from a realm of possibilities, but alternative solutions may be 
equally viable. (Gallagher, 1995, 137) 
In working with ill-structured problems, the student is forced to work 
through the steps of the problem solving process, not in a linear march from 
start to finish but in a recursive pattern that allows for problems to be 
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redefined, evaluated and tested. The students become self-directed and 
independent learners, who are empowered to approach a complex problem 
with confidence. The use of ill-structured problems offers the students a 
similar experience to the type of problems faced by professionals in their 
chosen field. 
In a study by Gallagher, Stepien & Rosenthal the use of ill-structured 
problems is explored with gifted students in a school for science and math. 
Students were given a pretest consisting of an ill-defined problem and 
directions to outline the procedures they would take to find a solution. The 
experimental group became part of a course entitled Science, Society and the 
Future (SSF) which was designed with the following process goals: to lead 
students to discover the interdisciplinary character of real world problems, to 
require students to engage in the process of solving an ill-structured problem 
and to improve the student's problem solving skills. (Gallagher, 1992, 198) 
In a single-semester course, students were given problems that had not yet 
been solved by the professional community. The students were not given 
direct instruction in 'problem solving techniques', but were allowed to pursue 
the problem as they chose without 'how to' directions from the teacher. The 
teaching role was to comment on the thinking in the process not the specifics 
of the problem. The comparison group was given conventional problem 
solving training using a well-defined problem. 
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At the end of the semester a post test was given to both the 
experimental and comparison groups. Results supported the hypotheses that 
significant improvements in problem-solving schemes would be observed in 
students in the experimental class who used the ill-structured problems that 
would not be supported in the comparison group (Gallagher, 1992, 199) 
The results showed that the students who had used an ill-structured 
problem demonstrated an improvement in their approach to problem solving. 
Using problem based learning that stresses the use of undefined problems 
and the LEGO Dacta system that allows for open exploration of hands-on 
manipulatives should enhance the student's problem solving skills while 
helping them to employ an independent learning style. 
Problem Based Learning in the Classroom 
According to the report, Science for All Americans, Project 2061: 
Students should be given problems---at levels appropriate to their 
maturity-that require them to decide what evidence is relevant and to 
offer their own interpretations of what the evidence means. This puts a 
premium, just as science does, on careful observations and thoughtful 
analysis. Students need guidance, encouragement and practice in 
collecting, sorting and analyzing evidence, and in building arguments 
based on it. However, if such activities are not to be destructively 
boring, they must lead to some intellectually satisfying payoff that 
students care about. (Rutherford, 1990, 188) 
Can problem-based learning answer the need presented by the science 
community? Can the use of LEGO Dacta and the Logo programming 
language assist the learning process by offering an "intellectual payoff' that 
the student will care about? As adult learners many of us find that the 
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process of learning is retained longer than the memorization of facts. 
Gaining information is important, but learning how to learn should be the 
major goal in teaching students to be lifelong learners. School is the arena 
where students learn the skills and methods to become effective learners. 
They need to acquire the foundation for learning during their early years, so 
that they will have learning options as adults. Facts and data are the first 
building blocks of the students' educational foundation, but the methods by 
which they learn are the footings upon which that foundation rests. 
Problem solving is a lifelong skill that we as adults implement on a 
daily basis. Career opportunities may change as we approach the 21st 
century, our knowledge base will likely expand, the computer will probably 
be faster and dominate more of society, but no matter what changes are 
projected for the next century the need for effective problem solvers will 
continue. It is unlikely that the future will propose a problemless society, so 
in a world that changes constantly, the tools and skills that must be stressed 
in the classroom are those that offer the students the ability to solve 
problems. An effective learner must be a creative problem solver using 
organization and planning skills to structure the creative flow of ideas and 
thoughts. 
The behaviors demonstrated by creative problem solvers are the 
qualities that the classroom teacher will want to instill in the students. 
Some of these behaviors should include: curiosity, the desire to question, a 
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joy in figuring things out and seeking challenges, and the ability to act as 
independent learners rather then dependent learners. (Davis, 1992, 93) 
One of the strengths of the LEGO Dacta program is that it provides 
the opportunity for the learner to become independent. The use of hands-on 
manipulatives give the students the impetus to reach beyond a dependent 
need of a teaching authority. The concept of play and the use of the computer 
turn the students into interested learners and generally into involved 
learners. The LEGO bricks remove the students from the barriers imposed 
by the standard textbook instruction of read and recite. The introductory 
premise is one of a playful task where the options are limitless and the 
outcome becomes less predictable. The LEGO bricks catch the students' 
attention and involve them in the task, providing the teacher with the 
environment necessary for creative problem solving to flourish and scientific 
investigation to begin. 
The problem solving process used in problem-based learning bears 
close resemblance to the skills used in scientific research. The steps of the 
scientific process are outlined below: 
• Think of a good or interesting problem 
• Gather information about the problem 
• Decide which experiments or observations would contribute to 
a solution. 
• Perform the experiments 
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• Decide whether the results really do contribute to a better 
understanding of the problem. 
• Communicate your results (Gallagher, 1995, 137) 
The three features of problem-based learning are; 1) initiate the 
learning with a problem, 2) use an ill-structured problem and 3) have the 
teacher act as a consultant or facilitator. The link with the scientific process 
remains strong, the difference between them is the level of participation by 
the students. In problem based learning the students are active participants 
throughout the process. In the scientific process used by most teachers, the 
students use experiments to initiate the learning. The teacher generally sets 
up the experiment and outlines the sequence of steps the students take to 
complete the experiment. The students' role is not to initiate the learning, 
but to follow a set of directions. Most of us have sat through lab work in a 
science classroom where the scientific problem solving steps were clearly 
used, but as the learners we had no role in structuring the experiment. The 
process used in both methodologies is similar, but the difference is the level of 
responsibility given to the student. 
Using a Jacob Javits Gifted and Talented Grant from the US 
Department of Education, the College of William and Mary and the Center 
for Problem Based Learning at the Illinois Mathematics and Science 
Academy (IMSA) created a series of units adapting science and problem 
based learning. They identified four areas essential to making problem 
based learning closely reflect the practice of science: 
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1. Focusing the problem around the instruction of a 
significant science concept and using the problem and the 
concept to help students investigate science content. 
2. Providing opportunities for the learners to test their ideas 
experimentally or through fieldwork with data that they 
have gathered. 
3. Providing opportunities for students to manage their own 
data and expand their ability to perform note-taking tasks. 
4. Providing opportunities for students to present their own 
solutions, including the supporting data using a variety of 
formats. (Gallagher, 1995, 139) 
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CHAPTERIII 
THE TEACHER AS A LEARNING COACH 
A key component in problem based learning is the role of the teacher. 
The classroom must be able to support the methodology of problem based 
learning and the development of students as independent learners. The 
teacher must become a facilitator and consultant rather then a figure of 
authority. In order for the students to experience a free exploration of ideas, 
a match must occur between the instruction and learning style. 
The teacher's role in problem based learning is not to act as the expert 
or didactic instructor, but to help the students become critical thinkers and 
understand the questions they must ask in problem finding, information 
gathering and analysis. The students must become the questioners and be 
able to look at all of the possibilities and sort through all potential 
interpretations. 
The teaching responsibility begins when the teacher poses an ill-
structured situation to the students. The students work as problem finders 
trying to clearly identify the underlying problem or problems. The process of 
problem finding is usually new to most elementary students, as most 
classrooms are more likely to practice the process of finding the solution. The 
following summarizes some suggestions for helping students in the problem 
finding phrase. 
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1. Confront students with ambiguities and uncertainties. 
2. Call for students to look at a problem from different psychological, 
sociological, physical, or emotional points of view. 
3. Establish a set for examining information in new ways. 
4. Structure the problem only enough to give cues and direction. 
5. Reveal gaps in information; unsolved problems 
6. Create or reveal mysteries. 
7. Call for going beyond what is known about something. 
8. Involve paradoxes. 
9. Pose conceptual conflicts; juxtapose opposites. 
10. Pose future projections. (Torrance and Safter, 1994, 10)) 
Simple strategies can be used to facilitate an environment where 
problem based learning will thrive . To become the catalyst or motivator in a 
thinking classroom, the teacher must work to continue to excite the students' 
curiosity for learning. The use of LEGO Dacta motivates the students to 
participate in a more open learning environment, but the teaching role must 
help to continue that interest and direct it towards a productive product. 
Another hat that is worn by the teacher is that of facilitator or guide 
in the process. This can be difficult since the teaching role must change and 
the teacher must know when to guide the students and when to step back 
and allow failure to occur. In this case, failure does not mean a failing 
grade, but the opportunity for the students to discover that one method does 
not work. As adults we are allowed to learn from our mistakes, but many 
classrooms have not yet adopted the same objective. 
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The teacher must stress the needs of all students and encourage them 
to explore freely without fear of criticism from their peers. The students will 
need to learn respect for the work of other members of the classroom 
community. Simple guidelines should be established during the first few 
class meetings and immediate consequences need to follow if the rights of 
others are infringed upon. A class rule such as, 'no dumping', makes a 
simple statement that all can easily understand and follow. Students are not 
allowed to use words like, "that's dumb" or "what a stupid idea" . It is a clear 
message that needs to be enforced. All students need the freedom to take 
thinking risks without ridicule , in order to grow into thinking adults. 
The role of the teacher in the problem based classroom extends beyond 
the behaviors that are displayed, and, also needs to include the role of 
questioner. One of the key elements of the LEGO Dacta system is that it will 
capture the attention of the students, but it is left to the teacher to help the 
students understand the thinking process. The use of thoughtful questions 
can be crucial when the students are working in the problem solving process. 
Open-ended questions force the students to delve deeper into the process and 
to examine or defend their predictions, ideas and hypotheses. The teacher's 
persistent challenging is a critical component of the problem based 
curriculum, since it helps students to incorporate the notion that giving 
reasons is an important part of their role as learners. (Casey, 1994). 
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One tool which is useful to the teacher is a chart of the Types of 
Questions Used in the Socratic Method (Paul, 1987). This chart (See 
appendix B) helps the beginning teacher form questions, that will help the 
student analyze and evaluate the problem solving process. Questions are 
divided into the following categories; questions of clarification, questions that 
probe assumptions, questions that probe reasons and evidence, questions 
about viewpoints or perspectives, questions that probe implications and 
consequences and questions about the question. In problem based learning 
with LEGO Dacta certain questions will be more effective in getting the 
students to further explore their ideas. Some of the questions that seem to be 
most helpful include, "What else do you need to know?, Do you have any 
evidence to support that?, But if that happened, what else would also happen 
as a result? Is there an alternative possibility?, Can you define the criteria 
you used in your decision?, What assumptions have you made about your 
design?" (Paul, 1987, 97) 
Asking the students even the most open-ended question is not the sole 
component needed to promote thinking. Students must be given the time to 
process and think about the question. Many thinking skills programs stress 
the necessity of using wait time . In the problem based classroom wait time is 
essential to create an open environment. If thoughtful, reflective responses 
are expected from the students then the teaching role must be supportive. 
There are many recommended strategies to incorporate wait time into your 
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classroom, but the simplest guidelines are as follows: wait 3-10 seconds after 
each question to let the student begin a response and wait 3-10 seconds after 
any response before continuing the question or asking a new one. Avoid 
verbal signals either positive or negative and eliminate verbal rewards. 
(Fogarty, 1993, 107) Allowing for more than one possible answer will also, 
help the students realize that you are not looking for one right answer to any 
given question. 
The teacher needs to act as an enthusiastic facilitator in the problem 
based classroom with students acting as peer coaches and sharing the role 
with the teacher. As the lessons presented in problem based learning tend to 
be open-ended and can be long-term, the students can easily become 
discouraged when their ideas need additional development time or do not 
work the first time. Small steps are cheered and even minor 
accomplishments need to be recognized. In many cases, changing the 
students' role to independent learner means that they receive less written 
feedback from the teacher. Students may be assigned five to six tasks a day 
in a classroom where dependent learning occurs and each of these tasks will 
be scored, graded or reviewed, therefore, the students continually receive 
feedback on their work. In a problem based learning environment, the 
students may be working on one idea for an extended period of time and 
evaluation may be weeks away. Recognizing each step or accomplishment 
serves two purposes, the first is that it provides feedback to the students on 
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a regular basis, and it allows the other students the opportunity to share in 
the feedback. The second purpose is that students can network their ideas, 
because the accomplishments of one group may help another group with a 
similar difficulty. This sharing can be a very powerful tool, as the students 
begin to work together and help one another. One students' comment was, "I 
worked on that let me show you what we did". This collaboration reinforces 
the students' ability to self-direct the learning environment. 
As a final note the role of the teacher in the problem-based classroom 
is as a non-judgmental observer. Not giving an opinion or value judgment 
can be a difficult task for the teacher to fulfill in the classroom. Students 
who are going to think on complex levels need to break the habit of 
depending on the teacher for the answers. The students must feel capable of 
guiding their own work and begin to view teachers as facilitators, not the 
keepers of all answers. Students, who develop independent learning skills, 




THE PROBLEM SOLVING PROCESS USING LEGO TC LOGO AND 
PROBLEM BASED LEARNING 
"Students learn best in an environment that acknowledges, 
respects, and accommodated each learner's background, individuality 
and gender." Guiding Principle III, Massachusetts Science and 
Technology Curriculum Framework (Massachusetts Dept. of Education, 
1995, 4) 
An African proverb states, "If a man is hungry you can give him a fish, 
but it is better to give him a line and teach him to catch fish himself' .(Papert, 
1993, 139) Using LEGO Dacta in the classroom allows the students to teach 
themselves how to create and how to solve problems. The flexibility of the 
material that is being used opens up a variety of possible approaches and 
methods to solving a problem. Using problem based learning prevents the 
'cathedral model of education' where the curriculum designer is the 
knowledge architect who specifies a plan for placing knowledge bricks into 
children's minds (Papert, 1980, 207). Problem based learning allows the 
learning to occur at different times, at different rates and allows for the 
individualization of the learning task. 
In designing lessons to incorporate LEGO TC Logo and problem based 
learning certain strategies need to be incorporated. The following is a 
summary of what a problem based lesson should include: 
• development of the student's reasoning skills 
• involvement of the student in the learning topic 
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• hands-on activities rather then direct instruction 
• incorporation of the student's plan into the lesson 
• permission for the students' to test and retest their own 
solutions 
• help in realizing that success is not always achieved by 
creating one right solution (Casey, 1994, 143) 
Students are the keys to the success of any lesson. In problem based 
learning the teacher establishes the framework for the lesson, but the 
students create the activities that drive the learning. Lessons are only a 
rough beginning, each group of students may use a similar plan, but carry it 
into a different direction. The following are some comments by grade 5 
students who were involved in their first introduction to problem based 
learning with LEGO TC Logo. 
"When you look at le gos you think, oh, they're a piece of plastic and 
when you put them together they connect. But that's not all lego's are. 
They're like brainteasers, they take your mind places. Of course 
they're easy to build with, but when you don't use directions you can 
make your own creations. You can solve problems with them. Maybe 
those solutions will one day be reality. I know when I work with them 
in class we don't just work in our mind, we have fun trying to solve 
problems. I know before I used Legos in class I had a different 
perspective on legos. I thought 'oh great' (sarcastically) , but now I 
know they're more than that and I hope you do too. 
"I think Legos are awesome. They are a fun way to help you solve 
problems and make you think". 
"Legos are great for engineering skills, prototypes or models and 
building your imagination." 
"I wasn't really interested in Legos, but now that we use them in class 
they are fun. I love the way they work and fit in with the computer." 
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A common factor in the LEGO model is the involvement of the 
students with the material. In using this material for seven years I have 
found that most students are enthusiastic and eager to use the LEGO bricks. 
Even students who have never constructed with LEGO bricks seem to love 
the change from the standard classroom tasks. Most educators are aware 
that to capture the students' attention is essential to teaching and learning. 
The teaching guide published by LEGO Dacta does address problem 
solving, but the students are generally given a problem with a known 
solution. The students then construct a model by following a specific 
sequential set of directions. The directions further guide the students in the 
computer programming to test the solution. The students tend to dependent 
on the instruction guide for problem solutions, rather then creating their own 
possible solutions. This method does allow the students to discover basic 
science and math concepts, such as, how a gear operates, or how a 
transmission runs, but it does not allow the students the freedom to play 
with their own ideas and solutions. In the LEGO teacher's guide the 
students are assigned a given set of parameters, in contrast to allowing them 
the freedom to develop their own criteria. The LEGO teaching model 
distributed by the LEGO company is easy for a new teacher to learn and 
offers a simple formula approach to teaching the material. The material may 
capture the students' interest, but it allows for little flexibility in exploring 
beyond the printed instructions. It tends to inspire a lecture format with all 
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students working on the material in the same exact way. By not using the 
instruction guide and changing to the use of ill-structured problems both the 
students and the teacher are forced to look for alternative solutions and an 
alternative approach. Each group of students builds something different and 
is allowed to exercise the freedom to create, dream and self-direct the 
learning environment. 
A basic tool of problem based learning is the 'Need to Know' board, 
Gallagher, 1995) which aids the students in formulating the problem and 
acts as a record of the students' progress through the problem solving 
process. Students refer to the 'Need to Know' board on a regular basis adding 
information and additional questions they might need to know about to solve 
their problem. As the board relates to each group's problem, the information 
on the board will be unique to the problem identified by the group. The 'Need 
to Know' board asks three basic questions: What do you know about the 
problem situation? What do you need to know about the problem in order to 
solve it? How can you find out what you need to know? These questions set 
up the first outline and create a priority list for the students to work with in 
defining the problem. Brainstorming in each area creates an active list of 
what is happening and what steps are being used to solve the problem. As 
each area becomes clarified, issues are removed from the 'need to know' 
column and replaced with new questions. The board becomes an active tool, 
which helps the students organize their thinking. Using the 'Need to Know' 
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board easily leads the students to redefine and revise the problem as the 
section, What do you need to know?, expands. The problem solving process 
became an ongoing cycle of gathering information, testing options and 
rev1s1ng. 
The Thinking Skills 
"We have in our thinkery, a well exercised power to think 
ourselves out of trials and difficulties." F. Robley Feland (Flack, 
1989, 62) 
Problem based learning utilizes the same format created in the model that 
is used in the Osborn and Parnes' creative problem solving process. The 
model identifies key components in the process and outlines deliberate steps, 
in order to facilitate an effective pattern for thinking in problem solving 
situations (Parnes, 1975). Although there are various formats to the Osborn 
and Parnes' model with a variety of labels, the sequence of steps ultimately 
remains the same. The students' ideas flow through the process of divergent 
and convergent thinking, as they seek to find an answer or solution to an ill-
defined problem. 
Students using the creative problem solving model approach a problem 
by seeking alternative solutions via idea generation and the critical analysis 
of the background information related to the problem. The methodology uses 
both divergent and convergent thinking and provides a means to broaden the 
possible solutions and alternatively to evaluate them using criteria generated 
from the problem statement. The continual flow of ideas, from seeking a 
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broad range of ideas, to one narrow specific idea, provides an effective model 
of deliberate thinking. 
The problem-solver must be comfortable with both the creative and 
critical thinking skills. Students must be able to use the critical thinking 
skills to analyze information, make decisions regarding the application of 
specific strategies, apply the strategies and evaluate a plan. In addition, the 
students will need to use the creative thinking skills to generate alternates 
and seek to broaden the possible ideas they would consider. 
Within the heuristics of the problem solving model is a built in range of 
both critical and creative thinking skills. One of the inherent difficulties in 
the process is the assumption that the students will be able to know when and 
which thinking skill to transfer to the problem solving process. The wide 
expanse of skills needed to successfully utilize the problem solving process 
can be found in a myriad of thinking skills' taxonomies. (See appendix C). 







Problem Solving Skills 
• sensing the problem 
• finding resources to understand the problem 
• defining the problem 
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• developing criteria 
• generating alternative solutions 
• evaluating the solutions based on the criteria 
• creating an implementation plan 
Creativity 
• producing many alternatives 
• producing a variety of alternatives 
• producing a new or original alternative 
• elaborating on an alternative 
Critical Thinking Skills 
• compare and contrast 
• predicting 
• seeking cause and effect relationships 
• identifying attributes 
• analysis of relationships 
(Burns, 1995, 8) 
A key component to any thinking skill and thinking process is the 
attitude of the learner. One of the greatest problems in improving problem 
solving is the attitude of the learner about their abilities. (Bransford, 1984) 
The student must be free to explore the problem. They need to remove any 
negative attitudes that might hinder the problem solving process. A negative 
attitude can impact not only the students' ability to work through the 
problem, but their ability to access the appropriate thinking skill. Students 
must be encouraged to take thinking risks and encouraged to use new 
thinking tools in order to fully develop their potential as problem solvers. 
The following list is not unique, but a composite of thinking skill goals 
that could be incorporated into a problem based learning model. 
• identifying an existing problem for a given situation 
• identifying different aspects of a problem 
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• classifying the elements of a problem 
• sequencing or ordering the aspects of a problem 
• recognizing divergence within a problem 
• generating a variety of solutions to real world problems 
• considering possible solutions to an identified problem 
• testing possible solutions to an identified problem 
• recognizing the possibility of more than one solution to a 
given problem 
• judging the best solution to a problem 
• implementing the solution considered to be best 
• evaluating the solution implemented in regard to 
consequences 
• drawing upon experience in a problem situation 
• attempting to solve challenging problems 
• conferring with others about an idea or issue 
• attempting a task at which he or she has previously failed 
• being open to change 
• building upon an original idea with new ideas 
• adding details to enhance an idea 
• recognizing the relationship between problem-finding and 
problem-solving 
• demonstrating problem-finding abilities 
• posing speculative questions 
• applying the positive aspects of a mistake to future situations 
• developing standards to evaluate the quality of his or her won 
work 
• becoming aware of the need to be independent in though and 





A Program Overview 
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The flow chart demonstrates how closely this model is linked to the 
problem solving process. The above model differs from the standard problem 
solving process only with regard to the solution finding phase. In this phase 
the students are able to decide if the solution works based on the problem's 
criteria. 
The following picture is part of the introductory lesson I use in my 
classroom. This example will be used throughout the next discussion to 
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analysis and illustrate the proposed teaching of problem based learning with 
hands on manipulatives. The lesson begins by showing the students a 
picture of two children standing in front of a school. 
Fig. 2. Introductory Lesson (LEGO TC Logo, 1989) 
Using the questions from the 'Need to Know' board, the students are 
asked, "What do you know by looking at the picture?" All of their ideas are 
listed on the board under the category ''What do you know". The next 
question asked is, ''What do you need to know?". In the case of the above 
picture, the students observed that they were in front of a school and wanted 
to know how fast the traffic was going? This question is placed in the "Need 
to know" category. The next question is, "How would you find out?" 
Some students decided to go to the library to explore traffic rules, while 
others called the Registry of Motor Vehicles, both approaches were 
encouraged by the teacher. 
38 
Once the students had answered all of the 'Need to Know' questions 
listed, they were ready to formulate their problem statement. Each group's 
problem statement could differ depending on how they viewed the problem. 
Some students focused on the issue of safety, their problem statement was 
"How might we create a way to get the students across the street safely?" 
They added two criteria, the first that the children must cross the street and 
the second that the solution must allow for them to cross safely. Other 
groups' problem statements stressed alternative ways to cross the street, 
their primary criteria was to keep the traffic flowing. It is important to allow 
for these individual differences, as long as the students are able to explain 
their answers based on the facts they gathered. 
The next part of the flow chart is to develop the criteria for the 
problem solution. Using the problem statement, the students establish the 
criteria their solution will fulfill. Again the criteria may vary, but as the 
teaching coach you will want to make sure that any basic criteria established 
by the group is included. In the case of the picture of the children, a realistic 
criterion established for all groups was, 'Is the solution safe for the children?' 
At this point in time all of the students' work has been done in their 
log books or journals. They are now ready to brainstorm alternative 
solutions to their identified problem. The students are asked to sketch the 
solution in their journal or logs. The solutions will vary just as the groups 
identification of the problem varied. Once the groups have chosen a solution 
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they will begin to build the solution with the LEGO bricks. Each group will 
construct a model of their solution and will program that model to operate via 
the computer. In some cases students may not design a solution that will 
operate on the computer, I find that in those groups additional time is needed 
to become comfortable with the material before they expand onto the 
computer. 
The LEGO material allows the students to run a trial of their solution 
and, as in the real world, they are able to monitor the solution for how well it 
works and make modifications as needed. At this point the students are 
actively involved with the solution finding and the teacher needs to allow for 
many modifications as the students work to get a successful model. 
The last component is probably the most important. The students look 
at the solution they have built and decide if that solution does indeed solve 
the problem they stated. In this portion of the process, the students make 
the circular problem solving loop and escape from the traditional linear 
problem solving process. In some cases whole projects have been revamped 
and major modifications have been made. The students, rather than the 
teacher, make the determination if their project is ready to be presented to 
the class. The only difficulty I have found is with a group that seeks 
perfection in their completed project, as this may extend the amount of time 
needed to get the project ready for the final presentation. Setting a time 
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limit at the beginning of the project gives the student a realistic framework 
in order to formulate a working timeline. 
The development of the project presentation is left to the team of 
students. They may elaborate on their model with a visual background or 
add computer generated extras. The requirements for each project 
presentation are; 1) to prepare a brief rationale that includes the problem 
criteria and problem statement; 2) to demonstrate how their solution might 
solve the problem. 
Introducing Ill-Structured Problems in the Elementary Classroom 
The primary role of the teacher in problem-based learning is to present 
the students with an ill-structured problem and be available to ask open-
ended questions throughout the process. Finding ill-structured problems 
that: 1) provide the student a variety of solution possibilities, 2) are of 
interest to the student, 3) allow for the open exploration of ideas; can be a 
challenge to the beginning teacher. Using resources close at hand the 
teacher can begin by selecting a picture that shows a conflict or possible 
problem situation. By eliminating any words from the picture it is open to 
interpretation and, therefore, will easily make an ill-structured problem the 
students can use. This technique makes a good first or beginning problem for 
students just learning the problem solving process. 
One of the best sources for possible problem situations is the 
newspaper. Recent articles showed a problem situation with an escalator, 
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where people were injured due to a drive belt breaking, the difficulty of 
homeowners with ice forming in eaves and on electric wires during the winter 
months, a traffic problem that MIT is trying to solve with the computer and a 
1,000 ton riverboat that needs to be moved to a location that has no 
waterway. (See appendix D) 
Once the possible problem situation is presented, students are divided 
into small groups and begin to discuss "What is going on in this situation?" 
Most of their time and focus is on problem finding and its definition. After 
group discussion the class is rejoined and groups share what they discovered. 
A diversity of ideas is welcomed as you will probably not get class consensus 
on problem definition. 
Students begin by considering the questions from the 'Need-to-Know 
board: What do you observe?, What do we know about the picture?, What do 
we need to know?, How can we find out? In groups students work to record 
their ideas on the board. Information is updated, as the students discover 
what they need to know and new pieces of information are added. This board 
remains a work in process, as the students gather data about one aspect of 
the problem while questions will arise in other areas. I have found that the 
board is the central focus of the unit and that it allows for the continual cycle 
of problem definition, information gathering, information analysis and 
problem redefinition. The board serves as the students' planning and 
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organization tool, which is especially important when they begin open-ended 
problem solving. 
After discussion and research, which takes the form of library 
research, exploration of teacher gathered material, experimentation and 
review of expert sources, the students are able to write a problem statement. 
The problem statement becomes a summation of their research and their 
understanding of the problem. Students are advised that problem 
statements can be revised if they find additional information to support the 
revision. The problem statement was not the same in all groups. Groups 
might have different problem statements based on the information each 
gathered. Students are asked to write complete problem statements that will 
include the problem and the criteria they feel is important to the problem 
solution. 
In developing problem-based lessons for the classroom the 
following strategies are suggested: 
• Focus on developing the children's reasoning skills rather than on 
how correct their response might be. 
• Present a problem that is based on the interest of the class, 
or present a choice of problems 
• In order to provide background information content-based 
material should be introduced on a need to know basis 
• Reduce direct instruction in favor of hands-on problem 
solving 
• Provide a framework, but allow the students to plan how to handle 
the problem. 
• Ask the students to give the reasons for their answers 
• Continue to pose open-ended questions that encourages thinking 
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• Let the student explore and test their solutions even if you 
are sure the design will fail to operate . 
• Make the student's feel successful , as failure is only ruling out one 
way that does not work 
• Make available a variety of resource books to assist in their 
problem solving 
• Encourage the students to use material other than what is 
provided 
• Encourage diversity of design 
• Encourage the sharing of ideas both between and within 
groups (Casey and Howson, 1993, 361-369) 
Providing a Link: Massachusetts Science and Technology 
Framework and Problem Based Learning with LEGO Tc Logo 
"A tool is but the extension of a man's hand, and a machine is but 
a complex tool. And he that invents a machine augments the 
power of man and the well-being of mankind." 
Henry Ward Beecher (Flack, 1989, 63) 
Strand 3 of the Massachusetts Science and Technology Curriculum 
Framework for students in grades five through eight informs us that 
students "need to pursue technological questions that emphasize creative and 
critical thinking, problem solving, decision making and research". 
(Massachusetts Dept. of Education, 1995, 86) The combination of problem 
based learning with the LEGO Tc Logo will help the classroom teacher meet 
those requirements . This model is a useful tool, as it uses the technology of 
the students' world, while developing the skills the students need to operate 
in the adult environment. 
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The model is a successful tool to incorporate the five "Habits of Mind" 
or philosophy of the Massachusetts Common Core of Learning. The following 
provides an overview of how the "Habits of Mind" would be incorporated in a 
program which uses problem based learning and LEGO TC Logo. 
1."Curiosity in all its forms needs to be encouraged and kept 
alive in our students if they are to embrace science and 
technology." The use of the LEGO bricks foster the curiosity of 
the child, as they allow the child to freely explore the world by 
keeping the material playful and the student involved. 
2. "Advances in science and technology depend on our staying 
open to new ideas and then examining them with a critical eye." 
As the student seek to define the ill-structured problem in 
problem based learning they must be able to remain open 
minded to all possibilities while seeking evidence to support 
their thinking. 
3. "Science and technology affect human well-being and 
environmental quality at almost every turn." Working to define 
the criteria for a problem solution the safe use of the 
environment, materials, and tools are stressed in each problem 
based unit. 
4. "Students must learn to respect the importance of data and 
testable hypotheses .... " Using the criteria generated in problem 
based learning and the information gathered in their research 
the students are able to design and built a testable product 
using the LEGO bricks. 
5. "Willingness to risk failure, to begin again, or to find a new 
strategy, or to fine-tune an existing one helps us to come up with 
better and better explanations and solutions in all areas of 
science and technology." One of the most important strengths 
of this model is the behaviors it encourages from the student. 
As the student is the architect of the problem and the creator of 
the solution their determination to persist in the problem 
solving process is strengthened by personal ownership. The lack 
of similarity to the familiar classroom tasks expands the 
students' willingness to take a risk in their thinking and idea 
generation. (Massachusetts Dept. of Education, 1995,21) 
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Solution Finding with LEGO TC Logo 
Solution finding is the next focus of the unit, as the students list the 
many, varied, solutions to their defined problem. Using the sample problem 
one group's list of solutions included; a crosswalk, crossing bridge, traffic 
light, underground walkway, traffic wall, revolving chair lift, toll booth, 
crossing person, modified ski lift, and creating a side street around the 
school. Using criteria established by the students, one solution would be 
selected. The group's assignment was to build a model of the solution they 
felt best met their criteria and if it used mechanical devices program the 
model using the computer. 
The anticipated time of the project was five forty-five minute 
sess10ns. The students were asked to keep a daily record of their ideas and 
the evolution of their invention in their science journals. The journal entries 
were an excellent way to follow the students' work in progress. The following 
are some examples of students' work using the sample introductory problem 
in Fig. 1. 
Fig. 3., which follows , shows a simulated model of one group's design. 
Their idea was to create a conveyor belt, similar to the 'people mover' at 
Disney World. The journal entries of two of the students involved in the 
project demonstrate some of the problems they encountered in the getting 
their solution to work successfully. 
46 
Fig. 3. The People Mover created by grade 5 students 
October 11th "We started building with only the wiring left to do. The 
first time we plugged it into the computer we had the wrong wire 
attached and it didn't work." 
October 12th "EXPLODES! We fixed our mistakes and tried again, but 
it exploded a second time, we redesigned and rebuilt but ran out of 
time." 
Within the same team another student writes: 
October 11th "Stabilized the engines, but it fell apart when we tested 
it". 
October 12th "Worked on stronger supports for the motors, but now we 
are having trouble connecting the wires to the motors". 
October 13th "It finally works. We connected the Legos tighter and 
added more support to the Le gos on top of the engine. We are having 
trouble programming it to run. 
Another team handled the same sample problem in a different way. Their 
criteria was to make the street crossing fun and they started with the idea of 
a ski lift. After some debate they switched their idea to a GoRound or a 
machine similar to a merry go round. They reasoned that it would be fun for 
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the students, thus they would use it rather then running into the road and it 
did not need to stop traffic on a busy street. One of the first problems they 
encountered with their design was speed, as they found that the people would 
fly off the GoRound into the air rather than crossing the street. Below is a 
model to demonstrate their design ideas and a part of the journal notes from 
one of the students in the group. 
Fig. 4. The GoRound created by grade 5 students. 
October 11th "We learned how to slow down the speed by the computer 
program" 
October 12th " The touch sensor slowed down the ride so when the 
high bar got near it the ride got stuck. Other than that our ride came 
out just the way we wanted it to . We are going to use the GoRound 
because you are not in the way of the cars or trucks. 
October 13th "We put the GoRound in the back and it toppled over so 
we made the wires tighter" The car was flipping over and the seats 
were moving, so we put holders before the seat and put things at the 
bottom of the seats to stop them from flipping. 
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From the student's journal entries the trial and successes are recorded. 
The problem solving process moves from the realm of a paper and pencil 
exercise to a real world discussion with real world consequences. Flaws in 
their designs were spotted and redesign work was done. Failure was not 
considered and the students entered the exercise with enthusiasm, as 
problems were just situations that needed to be reexamined. At no time did 
the students complain about not being able to solve the problem nor did the 
author see a wane in their ability to cope with situations that presented new 
problems to solve. The students would enter the classroom each morning 
eager to know when they could work on their project. 
The thinking skills the students were using went well beyond the 
problem solving process. Besides the creative thinking skills of problem 
solving the students had to use many of the critical thinking skills, such as, 
making observations, identifying attributes, compare and contrast, setting 
criteria, determining cause and effect. The dynamic part of the process was 
the ongoing use of the skills as the students worked to solve the problems. 
Watching the students' progress through the analytical steps of problem 
solving, and making real-world decisions based on real-world problems was 
an exciting teaching moment. 
The role of the teacher throughout the lesson is varied. With some 
groups a quiet observer is needed while others look for a mentor. One of the 
strengths of using LEGO TC Logo is the opportunity it opens for the teacher. 
49 
Because each project could be different, the teacher's role needs to vary in 
order to meet the changing needs of the students. The less formal curriculum 
structure allows the teacher the flexibility of responding, "I don't know, but 
how might we find out?" The model asks for the teacher's role to change and 
for the students to look more often to themselves to accept the responsibility 
for their own learning. 
Assessing the Student's Performance 
A performance based assessment, that enables the students to 
demonstrate their knowledge in authentic ways is the focus of the assessment 
process in problem based learning. Performance assessment not only actively 
involves the students in the critical thinking skills and content, but provides 
a platform for the students to self-direct the assessment. The students' work 
is to plan the assessment and establish the criteria by which their work will 
be judged. Students can see how assessment can be linked to the learning. 
The establishment of an authentic assessment is important to the 
success of the students' participation in a problem based unit. To teach the 
higher order thinking skills in a student guided format and then to test using 
a restrictive evaluation would not have evaluated what was valued nor 
taught. As the model strives for the independence of the learner, the 
evaluation must reflect the growth achieved and compliment the learning 
process. In using an objective testing tool, such as a multiple choice quiz, a 
mixed message would be sent to the students. The message would tell the 
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student that although the format is open-ended the end evaluation is still 
based solely on the memorization of facts . By not evaluating in the same 
format the student would feel that classroom exploration is acceptable, but 
the important material is still teacher generated. 
The criteria for the evaluation of the students' projects should be 
established at the beginning of the unit of study by the students and teacher. 
Students are given the assignment of presenting their work to their 
classmates. This presentation would be similar to an engineer, or inventor 
presenting their ideas to a company. The goal was to emulate the world of 
work as closely as possible. The students were given the freedom to design 
their presentation in any way they felt best reflected their team's efforts. 
The only requirements were the incorporation of a rationale, that explained 
the thinking process of their design and a demonstration of their product. 
The students' presentations were as diverse as the projects they 
created. Groups could add to their presentation in any way they desired. 
Each group of students was given three to five minutes to present their 
finished project. These presentations demonstrate the strengths of their 
ideas and the group's ability to work through the problem. Each group gave 
both a verbal presentation and a show and tell demonstration of how their 
invention worked. The verbal presentation was the opportunity for the 
students to discuss the rationale and give the group's criteria for the 
development of their project. 
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The class chose a five point evaluation criteria to be used for both the 
rationale and product demonstration. The evaluation was done individually 
by each student and by the teacher. The five point scoring rubric is as 
follows: 5=exceptional; 4=very well prepared; 3=satisfactory; 2=minimal 
attempt; !=non-participatory. 
Group presentations were given, but individual students were 
evaluated on both their group work and their own individual performance. 
Prior to the group's presentation, each student was given the opportunity to 
fill out an individual evaluation sheet. This evaluation was the students' 
opportunity to evaluate their participation in the group's project. The group's 
presentation was evaluated on the following criteria: Does the solution solve 
the group's stated problem?, Does the idea demonstrate originality?, Was the 
solution realistic? Was the group able to explain the development of the 
idea? 
The second part of the evaluation was the demonstration of the 
product. The same five point scoring rubric was used, but the criteria for the 
evaluation changed. The group evaluation was based on the following two 
criteria: the complexity of the product constructed and the complexity of the 
computer program. Some of the students were reluctant to take a risk during 
the design stage of the project and the evaluation was the opportunity for 
them to realize that there would be no penalty for reaching beyond and 
trying something new. Scoring was not based on how well the product looked 
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or how well it worked, but, rather how well it matched their group's problem 
finding statement. The second part of the evaluation was a demonstration 
of the computer program they had designed. The emphasis, again, was on 
how far they were willing to expand their thinking. Some groups did not 
have successful programs, but since the criteria were not on success or failure 
their evaluation did not reflect this aspect. The goal was to have the 
students explain the reasons they felt their project might not be working and 
what steps they would want to take to fix the problem. By not using the 
success of the product as a criterion for evaluation, the students were allowed 
to reach beyond what might be successfully attained at this time. 
Another portion of the evaluation was the student's journal entries. 
The journal allowed each student the opportunity to record his or her 
successes and failures on a daily basis. The journal emulated the role of the 
scientists in their recordings of the data, hypotheses, and moments of 'aha' in 
the creative process. The journal in problem based learning goes beyond just 
a scientist's notebook, as it becomes a record of the evolution of the problem. 
Evaluation of the journal was on-going throughout the learning experience. 
The daily journal entries offered the teacher an excellent opportunity to 
communicate with the students on a regular basis. Students were 
encouraged to use concept maps in their journals to help them link pieces of 
information they had gathered. Many students, also, used labeled drawings 
of various construction ideas with which they were working. 
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A final evaluation of the journal was done at the end of the unit . The 
evaluation was based on how well they kept a record of what they were doing 
on a daily basis. In order to allow for a broader scoring range, the scoring 
was changed to a ten point scale. Ten was for complete entries on a daily 
basis and one was given for not recording any ideas in the journal. The range 
between one and ten was subjective depending on the content of the 
individual journal. The students were the only ones to evaluate the journal 
entries, and an explanation needed to accompany the numeric score they 
gave to their work. 
The last portion of the final evaluation was a written entry that 
evaluated the group's ability to work together and the individual student's 
ability to work in the group. The individual students evaluated their group 
work based on what they did well and what areas could be improved. 
Student comments on evaluation forms gave me insights into problems 
they encountered. Examples of their comments are as follows: 
"I gave myself a ten on the journal writing because I wrote in it a lot. 
I'm glad I did because when I looked back I understood what we were 
doing." 
"We wrote a good program, but it was a learning process." 
"Our group worked together well and we didn't say 'No that won't 
work' to each other." 
"I would improve our (computer) program understanding. We had lots 
of trouble with that and John (one of the students from another group) 
was the real reason we finished. He really helped us a lot." 
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"I enjoyed working with Lego's. I had fun making things with them 
and I learned a lot too!" 
This last comment became one of my favorites , because learning had 
occurred, but the student was seemingly unaware of the knowledge gained 
until reflecting upon it at the end of the unit. This student's observation 
maybe remarkably similar to most of our accomplishments. It seldom is 
possible to actually measure the depth of a learning experience until we take 
the time to reflect back on our performance. 
In addition to the written evaluation, the students were expected to 
present their project to an audience. I would recommend that the audience 
include scientist or, parents not just an audience of their peers. By adding to 
the audience the students tend to use additional details in their 
presentations and will seek to clarify their thinking in order to make the 
presentation understandable to the audience . In one case, I found that I was 
not able to get a scientist to come in to see the students' projects, but I did 
find a reporter for the local newspaper, who was interested in what the 
students were doing and he made a wonderful audience . The students 
enjoyed answering his questions and the parents later enjoyed reading about 
it in the local newspaper. 
The participation of the students in the development of the criteria and 
rubrics to be used was an important aspect in keeping the student's involved 
in the learning process. The students felt empowered and knew in advance 
what they needed to accomplish in order to perform at a high level. The 
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students were then able to make informed decisions on their project, and 
their evaluation became not just a grade but a direction and goal. Problem 
based learning forces a move from paper and pencil assessment to 
performance accountability. It fosters hands-on student involvement and 




Evaluation of a new teaching tool needs to go beyond just the 
performance of the students. I have included 'A Rubrics for Assessing High 
Challenge Learning Environments and Opportunities'. (see appendix E) This 
evaluation tool was obtained from Dr. Burton Goodrich, Merrimack 
Education Center. (Goodrich, 1996) 
The ten points of the evaluation criteria outlined in the rubrics provide 
the foundation for the expected outcomes of this model. Extending beyond 
this model, this criteria offers a broad instructional goal, which could be used 
in any classroom where higher order thinking skills are a priority. The 
suggested criteria for high challenge learning experiences are summarized in 
the following: 
1. The degree and scope of challenge provided by the material 
2. The amount of control given to the student in the learning task. 
3. The opportunity for the student to work in a group. 
4. The application of communication skills by the student. 
5. The variety of the learning tasks. 
6. The encouragement to approach the learning in different ways. 
7. The instruction of problem solving skills and higher order thinking 
skills. 
8. Tolerance of a variety of products or solutions. 
9. The encouragement of the student's personal ideas 
10. The motivation provided by the task beyond the value of the grade. 
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Each point was evaluated on a five point scale in addition to observations and 
comments about the success or failure of the learning experience to meet the 
criteria. 
In evaluating the model presented in this paper, I feel its strengths are 
within the following areas: the students involvement in the process, the 
transfer of learning from research and design to implementation, the 
flexibility in the model's design to allow for a variety of student approaches, 
and the use of group interaction. The weakness of the model is the lack of 
variety of materials used, since all students work with LEGO bricks rather 
then allowing them to select other material. 
Overall, I have found that the students' enthusiasm for the learning 
task was one of the most dynamic aspects of this model. Using this model of 
problem based learning and LEGO bricks the students worked well beyond 
my expectations as compared to using a standard instruction format. 
Allowing the students to direct the learning environment demonstrates how 
different students will grasp concepts at different rates of time. Using this 
framework the students can set their own instructional pace and remove the 




According to Barry Beyer, classrooms that welcome students' thinking 
provide the reinforcement and support that encourage students to risk 
thinking and "help students feel free to challenge, question, invent, and 
guess". (Beyer, 1983, 44) Beyer's statement summarizes the purpose of this 
proposed model. The overall goal is to provide an opportunity for students to 
think, not in the limited methods of recite and recall, but to think broadly 
and creatively. Too often students confine their thinking to a thinking box, 
never stretching or expanding beyond what they know, never taking a 
thinking risk. We, as teachers, need to help provide the classroom 
opportunities to open their minds, expand their abilities and awaken the 
natural playfulness within each student. 
By introducing concrete tools, such as, LEGO bricks, we set the stage 
for more open behaviors and the opportunities to take thinking risks. 
Students view the LEGO brick as a toy, which is in sharp contrast to paper 
and pencil tasks. Their attitude drives their desire to create, play, explore 
and invent. I have found that what they accomplish by inventing with LEGO 
bricks can not be compared to what they will invent in a paper and pencil 
task. LEGO Dacta is a familiar tool that offers flexibility and adaptability to 
a variety of real world problems. The bricks spark the students' interest and 
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ignite their imagination, and since they are fun to play with the students are 
eager to work independently of the teacher. 
The problem solving process cannot be taught as a linear march from 
start to finish, as real-world problems do not proceed neatly through a series 
of steps. Real-world problems will demand the ability to reevaluate our 
solutions, reconsider the problem, redevelop the criteria. Students must be 
able to transfer the process used in the classroom to other areas of their lives 
and they must feel an ownership of the process. The steps of problem solving 
cannot be just a teaching tool, but must be assimilated into the child's basic 
educational framework. 
Problem based learning incorporates many of the best features of the 
various problem solving programs currently being used. It provides the 
student with a forum to exercise the skills of problem solving without the 
strict structure used in many approaches. The student will not become 
entangled in the world of formulating correct word phrases to express the 
problem, but will become engrossed in the problem solving process. Ill-
structured problems give the students a flexibility of approach and open the 
door to many possible problem statements. The students, rather then the 
teacher, become the architects in designing the problem to be solved and 
thus, the students rather then the teacher own the problem. 
The difficulty with problem based learning using a standard research 
based model in the elementary grades is the resemblance it carries to a 
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regular school task. Many elementary students, having met failure in other 
areas, and can easily tune out any program that looks like 'school work' . The 
challenge as educators is to gain their focus and attention, because without 
that the battle to educate becomes a war. The LEGO bricks naturally 
combine with the problem solving process and capture the attention of the 
student immediately. I have walked into a noisey classroom after recess, and 
by placing the LEGO kits on the table have created an attentive audience . 
The magic of creative play is a powerful tool. 
Although LEGO bricks are considered toys, they are also a classroom 
tool, which can be used to educate and train the minds of the students. In 
one fourth grade classroom, a teacher was complaining that the students 
would never understand gears and gear ratios in the simple machine unit she 
was teaching. The teacher had spent over two weeks on the topic and many 
of the students had still failed the final test. The next day I did a LEGO 
demonstration lesson for her class, and since she had commented about their 
lack of understanding of gears, I used that as my lesson focus. Using the 
Lego gears, students spent the forty five minutes 'playing' with gears and 
gear ratios. All students at the end of the lesson could explain gear ratios, 
how gears worked and many even invented a machine using the concept of 
gears and gear trains. In retesting the students, the teacher found that they 
all passed the test on simple machines. I cannot accept credit for the success 
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of that lesson, but in capturing their attention through play they were 
learning. 
The use of the LEGO bricks in solution finding motivates the students 
to develop the behaviors that complement the problem solving process. 
Students are much more willing to take a thinking risk and will not 
demonstrate behaviors of frustration as quickly when the solution does not 
meet their expectations. In using the LEGO bricks, the students 
immediately find problems in their final solutions, which would not be as 
evident in a paper and pencil solutions. They are eager to reevaluate their 
thinking and are willing to redesign and rethink the process and make 
modifications to their original thinking plan. They become the real world 
scientists, inventors and creators with the real world problems, successes and 
frustrations. 
In combining problem based learning with the LEGO Dacta system a 
marriage is made between the world of adult thinking and the world of the 
child. We ask the child to use the skills of the adult world as we train them 
for their future roles, but educationally we connect those skills with the tools 
of their world. The ultimate goal is to build the thinkers of tomorrow. 
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Types of Questions Used in the Socratic Method 
Questions of .Clarification 
What do you mean by ? 
What Is your main point? Could you give me an 
example? Could you explain that further? 
Would you say more about that? Whal do you think Is 
the main Issue here? 
Let me see If I understand you, do you mean 
--------~or ? 
Is your basic point or _____ ? 
Whal do you think John meant by his remark? 
Jane, would you summarize In your own words what 
Richard has said? Rldrnrd, Is that what you meant? 
How does relate to ? 
Could you put that another way? 
Questions that Probe Assumptions 
You seem to be assuming-.--,,---------
Do I understand you correctly? 
All of your reasoning Is dependent on the Idea that 
Why have you based your reasoning on ____ _ 
rather than ? 
You seem lo be assuming---------
How would you Justify taking this for granted? Is It 
always the case? 
What Is Karen assuming? What could we assume 
Instead? 
Questions that Probe Reasons and Evidence 
How do you know? Why did you say that? 
What would be an example? How could we go about 
finding out whether that Is true? 
What other Information do we need.to know? 
By what reasoning did you come to that conclusion? 
Could you explain your reasons to us? 
But Is that good evidence to believe? 
What are your reasons for saying tryat? Why do you 
think that Is true? · 
Do you have any evidence for that? Are those reasons 
adequate? Is there reason to doubt that evidence? 
Who Is In a position to know If that Is the case? Whal 
difference does that make? What would convince you? 
Can someone else give evidence to support that 
response? How does that apply. to this case? 
Questions about Viewpoints or Perspectives 
You seem to be approaching this Issue from __ _ 
---------perspective. 
Why have you chosen this rather than ____ _ 
__________ perspective? 
How would other groups/types of people respond? 
Why? What would Influence them? 
How could you answer the objection that ____ _ 
____________ would make? 
Can/did anyone see this another way? 
What would someone who disagrees say? 
What is an alternative? 
How are Ken's and Roxanne's ideas alike? Different? 
Questions that Probe Implications and 
Consequences 
What are you implying by that? 
When you say are you implying ? 
But if that happened, what else would also happen as 
a result? 
Why? What effect would that have? 
Would that necessarily happen or only probably 
happen? What is an alternative? 
Ir this and this are the case, then what else must also 
be true? 
Questions about the Question 
I'm not sure I understand how you are Interpreting Iha 
main question at Issue. . 
How can we find out? How could someone settle this 
question? 
To answer this question, what questions would we 
have to answer first? 
Is the question clear? Do we understand It? 
Is this the same Issue as ? 
Can we break this question down at all? 
Do we all agree that this is the question? 
· Would put the question differently? 
How would put the question? 
Why is ·this question important? Is this question easy 
or hard to answer? Why? 
Does this question ask us to evaluate sor:nething? 
What does this question assume? 
-- ... __________ . .... . ... __ .. . ·-----------------------
SOURCE· · · · 
d H K kl C ·u / Think ing Handbook: 4th-6lh Grados. A Gu1d11 
This ls raprlnled with perml$Slon from R. Paul, A. J, .A
1
, !~~-'· K. ndJenSsedn, an(R ·hn~ert t~;,.. ~af:. Canter lor Critical Thinking and Moral Critique, 
for Rsmodoling Loss on Plans In Lansuago Ms, Socia .a,i..v1os, a once o , .. 
Sonoma Stale Univor,ity, 1987 .) 
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MATRIX OF THINKING SKILLS 
Complex-Level Thinking Skills* 
Complex-Level Thinking: A type of cognition that requires basic thinking and Is characterized by 
multiple possible answers, judgment on the part of the person participating, and the Imposition of 
meaning on a situation. Types of complex thinking Include critical thinking, creative thinking, and 
problem solving. 
CRITICAL THINKING 
A type of complex-level thinking characterized by the carelul analysis 
of arguments, use of objective criteria, and evaluation of data. 
1. Inductive thinking skills 
>- Determining cause and et1ect 
>- Analyzing open-ended problems 
>- Reasoning by analogy 
>- Making inferences 
>- Determining relevant lnformallon 
>- Recognizing relatlonshlps 
>- Solving Insight problems 
2. Deductive thinking skills 
>- Using logic 
>- Spotting contradictory statements 
>- Analyzing syllogisms 
>- Solving spatial problems 
3. Evaluative thinking skills 
>- Distinguishing between facts and opinions 
>- Judging credibility of a source 
>- ObseNing and judging observation reports 
>- ldenlifying central Issues and problems 
>- Recognizing underlying assumptions 
>- Detecting bias, stereotypes, cliches 
>- Recognizing loaded language 
>- Evuluating hypotheses 
>- Classifying data 
>- Predicting consequences 
>- Demonstrating sequential synthesis 
of information 
>- Planning alternative strategies 
>- Recognizing inconsistencies in information 
>- Identifying stated and unstated reasons 
>- Comparing similarities and dit1erences 
>- Evaluating arguments 
CREATIVE THINKING 
A type of complex-level thinking that produces new and original Ideas. 
>- Listing attributes of objects/slluallons 
>- Generating mullfple Ideas (fluency) 
>- Generating dit1erent Ideas (flexibility) 
>- Generating unique ideas (originality) 
>- Generating detailed ideas (elaborallon) 
>- Synthesizing information 
PROBLEM SOLVING 
A type of complex-level thinking that uses 
a number of sequential skills to solve a problem. 
>- Identifying general problem 
>- Clarifying problem 
>- Formulating hypothesis 
>- Formulating appropriate questions 
>- Generating related Ideas 
SOURCE: 
>- Formulating alternative solutions 
>- Choosing best solution 
>- Applying the solution 
>- Monitoring acceptance of the solution 
>- Drawing conclusions 
ta~~tt fr0m Gubbts.MaFtrix of Thinking Skills. Gubbin's Matrix compilos and distills ideas from Bloom Bransford Bruner ,--n er, ewey, nrns, euerstein, Jones, Kurlman, Kurfman and Solomon Lipman Orlandi Par~es Paul 'Perkins' 
~~i~tt~'~ ~~~t~;gCogsu~t:aai1ta,1°rrethceWUpton, The Ross ~~t. th~ W_himbey A~alri~I Skills Test, Th~ Corn~II Criticai 
Skills, and th~ SEA Test. ' ,es es' e atson-Glasser CnLical Th1nk1ng Appra,sa' the New Jersey Test of Reasoning 
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SAMPLE PROBLEM SITUATIONS 
Several meth.ods may be used 
to keep ice from forming at eaves 
.. 0 ac.. 
u il '. 
"U 
From Ottaway News Service 
D 
uring this cold, snowy win-
ter, icicles have been a par -
ticular problem: Giant sla· 
la cl ites of ice hanging from 
snow-laden roofs, wai ti ng Lo 
impa le people or cars below. 
Icicles fo rm when il's sunny 
but cold enough Lo freeze Lhe water us it 
dr ips from eaves nnd ice-filled gutters. 
To prevent them, expe rt.., recommend 
removing as much snow as poss ib le from 
Lhe roof. Hire a buildi ng profcssionol Lo 
do the wo rk or use a lo ng-hand led roof 
rake, so ld al hardware stores fo r about 
$45. 
When knocking down icicles , take care 
not to damage the gutte rs or eaves. Make 
su re no children are playing in the a ren. 
Direct icicles away from the house and 
use a Larpoulin Lo cove r wi ndo ws Lh al 
may bre ak in the process. 
Whe the roof is ice -fr ee, electric b'Ullcr 
cables can be installcdLo melt snow a11 d 
keep ice from forming along the caves. 
T hey plug into regula r electrical out lets 
a nd feature timed, uulomatic shutoffs. 
Sold aL hardware s tores, they st.art al S35 
fur a 30· fool cubic. 
,;1 ,;-
F, h: pn3t0~ 
'' l r ~ 
Eleclric gu tt e r cables c an be installed lo me/I s~9i ,, 
and keep ice fr om lorming a long the ea ves. 
1- escalator accident 
blamed on drive belt 
Pal r,01 Ledger slalf 
!10STON - 1\11 esca lator mis hnp 
al th e MBTA Bac k !Jay station that 
;.1.-·nt l ·1 co mmuLl·r :-. to the hospita l 
.:•csl.c rday \\.'OS appurc1 1Lly caused by o 
drive uelt that snapped. 
/\ !thoug h that escn lator had no 
history of s imilar problems, in recent 
dnys the T rece ived a com plaint that 
some lhi ng was wrung. 
"\Ve had o commen t that the 
csr:dutor wns mov ing at a slow pace," 
/vi B'J'A spokcswonwn Amy Mac Neil 
511 id. 
T o deal with that pro ble m, the T 
had calle<l in il::. e~('alato r 1naintc· 
n:rnce contrn ctor , the !vl ilar Elevator 
Service Co. 
~lilar inspected the csrn lntur the 
tl;1y lJ('f'o rc the m i~h;qJ ;ind dee med iL 
111 ·work ing order, f\'lacNPil said. 
"They did n' t find any problems," 
s!1e said. 
l.lutjus l before 8 a.m. yesterday, as 
it carried a full load of people , u 
drive be lt. snapped, MocNeil said . 
The cscalo tor stairs shook ond 
sta rted movin~ backwa rd, tossing i~, . 
passengers . into one another on tl 
against th e sides of the escolnt.or. 
Fou rLccn n<lult.s were Luken b,· 
ambulance to Boston City Hospitoi. 
whe re they were treated fo r minor 
injuries. 
The escolaLor was taken ou t of 
se rvice an d will remain ouL of use· 
until the slate dec ides it is snfc . 
MacNci l sn,d. 
It is on ,he Track 2 :<ide of Lh1· 
commu ter rail urea of Lhe sla.Lion . 
near the t icke t o!fic.:c. 
The !:Jack Uay sta t ion is both an 
Ornnge Line subway stop on the 
MBTA ond a com muter mil terminal 
fo r trains from Co nlon, Stoug hU'rn 
and Shnru11 . 
The state Department of Public 
Safety, wh ich docs onnua l inspec-
tions of esca la tors nnd eleva tors, lost 
checked the llack Ilay st.a l ion escala-
tor in September. 
SOURCE: Boston Globe, 1996 
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Science_ Musings 
~
Drivers take byte .out of computer 
T 
he newspaper 1·ecenUy ran a story about a 
computer tl'affic model developed by MIT 
traffic researchera that is being used by the 
builders of the Central Artery/rhird Tunnel 
project to !ind t!'ouble spots thm may need 
redesigning. 
When the model is running, hundreds of blips of 
light move about the screen, simulating traffic on the 
yet-to-be-completed projecL 
The MIT mode\ is lhe most sophisticated traffic 
simulation yet clesib'lled, and lakes into account such 
real driver behaviors as running yellow lights. t.ailgat-
ing, and passing in tht breakdown lane. 
This is not the lirsL aLlcmpl to 
when we added emergency vchicl<.:s Lo the model, 
which we represented on the screen as nashing or-
ange blips. As an orange blip m•ll'd at an accelerated 
pace through four lanes of traffic, other blips darted 
in behind, as if they were tJ·ying LO get the jump on 
their fellow drivers. I had never seen anything like it 
before. At first, we thought something was wrong 
with the computer." 
"Slowly we reaib:ed our queuing models were 
faulty. Queuing in the l3oston protile w.c~ non-cxis-
tcnL The blips on the screen would u,e any st.raU!gem 
to get to the front of the pack: ei,;ergl:nry vehicles, 
breakdown lanes, even sidewalk,. flll' t:,,d's sake." 
"Sumc for mcr~i11g· lanes. In oth-
mor\cl Boston tratfic on a computer. 
An c;1rlier effort hy r.-.,carrhl:!r~ at 
W,L<hington lnstitutt of Technology 
was ;;b,indontd whc,n their co1nµut-
c1· unexpectedly blcll' up. 
To find out what hnppencd, I vis-
ited the defunct project's ex-coor-
dina L.or, C1·ash Gordon. al WIT. 
"Tell me aho11t the IVIT cum1n1l· 
e,· lraflk mod~I." l ;aiu. 
"Al the time, it "'"s the best in 
the co11ntry," resµonded Gordon. 





Then we got the 
c.:ontract to do 
Boston." 
er parL.>: of th<: Ulllllll',V. drivers in 
.icljaece1n mcr;:ing Lrnl:s Lake Lurns. 
With the l.lostun rlac,. illip, jammed 
tug-ether liumpc·!· lll 1,,,rnper, block-
ing any ~lip Lh"r 11':,,n.,d to merge. 
"lnl\.!1~cct i11 11~I lJ lifJ-' packed into 
inlcrsection; :<:< u·,111'1l' lil(hts 
chsni,:ed Lu .v<·l1ow and rerl, even if 
l'l.!'n•:-.!- wa., hii,·.:kcrl . ~r11:rcby bring-· 
ing: tn1ff1l' in :1it dtJ'l'l"l:1111., Lu .J 
sL;<nclstill. \fr scp1 ~clling tOJcle·cr· 
rur messagt~ .Jn lhL' ."l'l't:On, l.iul it 
w.isn't thc cu1!c. 
from the Deµarlment of Transportation. Used one of 
the biggest and fastest computers money can buy. 
Our model took into account many nuances of driver 
behavior, good and bad." 
"Was it successful'?" 
"The model worked beautifully in Chkag-o, Tulsa, 
Lus Angeles. The ent-<ineers were ecst:.itic, highly sat-
i~fied. Then we ~ot the contr,1,·t to do Ilo"liJn .. ," 
Gordon gaY.ed off into spal'c, in an unf11l'u,ed sorL 
ufwu~·. 
I waited, then prodded. "AJHI. . . '!" 
He continued: "r'il'sL \\'~ ~cnL vbserver., lu llo,LOn 
LO su1vey tl'aflic patterns. We took µsychnlob~cal pro-
files of hundreds of trpical drivers. We created a 
mathematical model of the Boston road sy,tem and 
the proposed Central Artery/rhird Tunnel. Then we 
started up the machine." 
"At first, things wen~ well. Traffic moved smooth-
ly along Storrow Ddve. The Tobin l3ridgc handlud 
the required volume. Oh, the compuLer gave us an oc-
casional backup ul the aiq>o1t side of the uld tunne ls, 
but nothing we couldn't rLX py tweaking the project', 
design." . . 
Gordon's eyes misted. "Then we started plugging-
in peculiarly Bostonian featui·es .. . " 
"Such as?" I asked. 
"Such as rotaries. We didn't have much cxµeri· 
ence with rotaries. The compute r kept getting hung 
up. Blips on the screen went rou nd and round, end-
lessly, as if they couldn't gel on or off. We had to keep 
tw·ning off the computer and powering it up again. It 
was all very frustrating." 
He continued: "I knew we were in deeµ trouble 
Gordon lit up a cig-arelte. I 1ir1Liced his hand was 
shaking. 
"Then or,e of ou1· guys h;id the idea of adding pe-
destrians to the model. Ilig mistake," he said wearily. 
"How's that?" I askcu. 
·'Well, the model inchul"tl c:r,.,;sll';;lk.<. But the JJC· 
dest1ian bl ip., cro,scd thnrllu~hf:;re.., :H :·uncl0111 in-
gr~ss points. We simµly didn't l""·c the memory ca-
p:1city in 0111· machine lO model ,·:,:Hlurn ingrc,s." 
"\Ve up~l'~clcd m~mciry c.::-1µ;;,:ity hy JOO gigabytes, 
then 5UO. lllll as we .idrlccl 1nl1r1· :·.:·au1rc;, lo the model. 
- cyclist.,;, for example - even th i.s w;,.,n'L cnou~h. We 
could find no algo1·ithm that would concisely specify 
driver, cyclist. or perlesu·ian rc.,ponsc. It ll'a:; as if 
U1ere were no rules." 
He paused. "It was when 11T :,d, 1.:rl y:dd .,i~'l1s 
that the cu111putcr blew. Burn«1 i ,1\Jl Lhe main pruc0.s-
sor chips." 
"And that's when Lhe cuntrun was canceled?" I 
asked. 
"Right," said Gordon. ''llut w tell you the t.rut.h , 
none of us al WJT were sorry. Wc repaired the ma-
chine. We now have a contract wilh Allan ta. Every-
thing is going swimmingly." 
"Well, good luck," I suid. 
"You too," said Gordon. "Ancl g-ive my best to the 
guys at MIT." 
Chet Rayow i.1 a p,ofc.sor of physics ru Sto11chi11 Col-
/eye a1ul /he uuthor of sC1Jl<rol boo/;., nn sc:iMce. 
Boston Globe, 1996 
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tasks that are broad ·in scope (not divided into 
fragmented tasks), and provide a challenge 
















over the work process (not directed by a 
dominating hierarchical authority)? Is the 
teacher or instructional delivery system a 
·coach" or resource, not a ·supervisor·? 
3. To what degree is the student given 








4. To what degree is the student given 
opportunity to practice or apply 





CD 5. To what degree do the learning tasks, in 
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Observations and CommE;nts about the degree to which the 4 • Most ol Iha time 
Desired Characteristic is Present in the Learning Experience 
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Suggested Criteria lor Selecting or Creating Observations and Comments about the degree to which the 
Inquiry-based Learning Experiences Desired Characteristic is Present in the Learning Experience 
6 . To what degree is the student encouraged to 
try dillerenl ways ol coping with or addressing 
the learning task? 
7 . To what degree does the learning task 
explicitly teach problem solving and higher· 
order thinki!)g skills or provide opportunity for 
the student to apply and rellect on these 
skills? 
8. To what degree is there variety in what is . 
considered an acceptable approach, product, or 
solution lo the learning task (responses are 
not standardized)? 
9. To what degree are the student's personal 
ideas and contribution to the task or p<oducl 
encouraged and valued? 
1 o. To what degree does the learning task 
intrinsically motivcale the student (i.e., 
accomplishing the task is a reqard unto itsell 
and not seen primarily as a way to obtain a 
·material· or ·other-bestowed" reward? 
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